Background
==========

Chronic hepatitis B virus (HBV) infection, defined by the persistence of the surface antigen (HBsAg) in serum for longer than six months, may lead to a wide spectrum of liver disease, including asymptomatic carrier state, chronic active hepatitis (CAH), cirrhosis, and hepatocellular carcinoma (HCC). Hepatitis B e antigen (HBeAg) is considered a marker for viral replication, whereas the presence of anti-HBe antibodies often indicates a low level of viral production. Seroconversion from HBeAg to anti-HBe normally correlates with improvement of liver disease. However, HBV variants have been described with mutations in the precore region that prevent HBeAg synthesis, despite continuing production of infectious virions. The most common of these mutations is a G to A substitution at nucleotide (nt) 1896, that prevents the production of HBeAg by introducing a premature stop codon into the open reading frame (ORF) of the precore region \[[@B1], [@B2]\]. Several studies have associated the mutation A1896 with an exacerbation of the clinical symptoms of liver disease caused by HBV \[[@B3], [@B4]\]. In other studies, however, such an association has not been observed \[[@B5], [@B6], [@B7]\]. The occurrence of the A1896 mutation depends upon the nucleotide (C or T) at position 1858, that forms a base pair with nt 1896 in the pregenomic RNA loop. The presence of a C at position 1858 precludes the G to A mutation at nt 1896 as this would destabilize the stem-loop structure of the RNA encapsidation signal \[[@B8]\]. The presence of the A1896 mutation is thus restricted to genotypes that have a T at nt 1858, as is the case for genotypes B, C, D, and E. Genotype A usually shows a C at this position \[[@B9]\] while genotype F may present a T or a C \[[@B10]\]. HBV genotypes are not uniformly distributed around the world, and the A1896 mutation has been found to be more prevalent in geographic regions where genotypes B, C and D are predominant, such as Asia and the Mediterranean area, and less prevalent in North America and Europe where genotype A is commonly found \[[@B11], [@B12]\]. In South America, where genotypes A, D, and F have been found \[[@B13], [@B14], [@B15]\], the frequency of the mutation is unknown.

Besides the A1896 mutation, a number of point mutations leading to initiation failure or premature termination, as well as deletions and insertions of nucleotides inducing frameshifts, have been detected in the precore region \[[@B5], [@B7]\].

Regulation of transcription and expression of the precore and core genes has been extensively studied \[[@B16], [@B17], [@B18]\]. Mutations in the core promoter, notably the double mutation at positions 1762 and 1764 changing AGG to TGA, have been suggested to mediate down-regulation of HBeAg production \[[@B19]\]. Such mutations, able to prevent or reduce the transcription of precore mRNA and HBe synthesis \[[@B20], [@B21], [@B22]\], have been found in anti-HBe positive chronic carriers.

In this study, we identify the mutations present in the precore and core promoter regions of HBV isolates (genotypes A, D, and F) derived from anti-HBe positive Brazilian patients.

Results
=======

Precore stop codon mutation A1896
---------------------------------

Nucleotide sequences of a 200-bp fragment, from the precore start codon at nt 1814, were determined for 29 HBV strains derived from anti-HBe positive chronic carriers. By phylogenetic analysis (Fig. [1](#F1){ref-type="fig"}), 17 isolates belonged to genotype A, nine to genotype D, and three to genotype F. These numbers were representative of the genotype distribution existing in Brazil. All isolates from genotype A showed C at position 1858 and, as expected in this case, G at nt 1896, independently of the clinical status of the patients (Table [I](#T1){ref-type="table"}). This C~1858~:G~1896~ pattern was also observed in one genotype F isolate derived from an asymptomatic individual. The 11 remaining isolates had T1858. Four of them, from genotype D, presented the T~1858~:G~1896~ pattern. The seven others (five from genotype D and two from genotype F) showed the 1896 G to A substitution leading to a stable T~1858~:A~1896~ base pairing and introducing a stop codon into the ORF of the precore. In the group of 11 isolates with T1858 in which the A1896 mutation could emerge (Table [I](#T1){ref-type="table"}), 6/7 mutated isolates were from patients with chronic liver disease (four with cirrhosis, two with CAH) whereas 3/4 isolates showing the T~1858~:G~1896~ pattern were from asymptomatic carriers (p = 0.09). This revealed a tendency towards a correlation between A1896 mutation and liver disease.

Core promoter mutation TGA 1762-1764
------------------------------------

In all, only seven out of 29 (24%) HBV isolates presented the precore stop codon mutation at nt 1896. Due to the low frequency of the A1896 mutation, we decided to investigate the existence of other mutations in a region of the genome covering the core promoter and precore regions, as well as the core protein initiation codon. Nucleotide sequencing was thus expanded in the 19 isolates (10 from genotype A, seven from genotype D, and two from genotype F) for which a fragment extending from nt 1720 to nt 1919 was successfully PCR amplified. Of these isolates, 14 did not show the A1896 stop mutation. No deletion or insertion was observed in any of the 19 isolates. Table [II](#T2){ref-type="table"} indicates that only six isolates (A5, A6, D2-D5) showed the double substitution changing AGG to TGA at positions 1762-1764 in the core promoter region, which might explain the anti-HBe seroconversion of the patients infected with isolates not showing the A1896 stop codon mutation. The triplet TGA was observed in 2/10 isolates belonging to genotype A, 4/7 D isolates, and 0/2 F strains. Remarkably, twelve isolates (A1-A4, A7-A10, D1, D6-D7, and F1) presented neither the A1896 mutation nor the 1762-1764 double substitution. Conversely, all four D isolates (D2-D5) mutated at position 1896 were also mutated at positions 1762-1764. No association was found between liver damage and mutation of the AGG 1762-1764 motif (Table [II](#T2){ref-type="table"}).

Other mutations
---------------

Point mutations other than those studied above were then sought in the core promoter and precore regions. For clarity, these mutations will be hereafter called uncommon point mutations in contrast to the A1896 G to A and 1762-1764 AGG to TGA substitutions referred as common point mutations . Table [II](#T2){ref-type="table"} (last column) shows the number of uncommon point mutations, with respect to a consensus sequence based on the genotype A isolates without common point mutations. Consequently, the number of substitutions is overestimated for isolates of genotypes D and F, since the consensus sequence for comparison is based on genotype A strains and genotype A-specific substitutions are also counted for isolates of genotypes D and F. In a general manner, it is not easy to differentiate between uncommon point mutations and the considerable natural variation in HBV sequences. Even so, it was very interesting to note that the number of uncommon point mutations was lower in the HBV isolates without common point mutations. This was evident for genotype A, since isolates A1-A4 and A7-A10 (without common point mutations) showed 0-4 uncommon point mutations (mean, 0.9), whereas isolates A5 and A6 (with one common point mutation) had 6 and 8 uncommon point mutations (mean, 7), respectively. In genotype D, the means were 4.7 for isolates (D1, D6, D7) without common point mutations, and 8.5 for isolates (D2-D5) mutated at both positions 1896 and 1762-1764.

Figure [2](#F2){ref-type="fig"} shows the alignment of the nucleotide sequences from nt 1720 to nt 1919. It can be seen that several regions were conserved through all sequences, including stretches that are essential for viral replication, i.e. the AT-rich region, extending from nt 1789 to nt 1795, and the direct repeat DR1 (nt 1824 to 1834). The following substitutions appeared to be linked to the genotype (although not all the isolates of a determined genotype necessarily showed the mutation): G to A 1721 (found in genotype F), G to A 1757 (D), C to T 1802 (F), G to T 1803 (F), A to T 1850 (D and F), and C to T 1858 (D and F). Furthermore, a number of uncommon point mutations were observed that were not linked to any genotype, several of which have been previously characterized. These mutations were rarely observed in the sequences without common point mutations. Typically, substitutions in the hypervariable region from nt 1751 to nt 1755 \[[@B23]\] were found in 6/7 genomes with common point mutations (A5, A6, D2, D3, D5, F2) but in none of the 12 isolates without. Further, the 1727 G to A, 1740 C to T, and 1773 T to C changes were predominantly observed among the isolates otherwise mutated at crucial positions 1896 and/or 1762-1764. The isolate showing the highest number of mutations, namely D3, displayed the 1766-1768 CTT to TTA double substitution, which has been associated with increased transcription and viral encapsidation of pregenomic RNA \[[@B24], [@B25], [@B26]\], as well as a 1817 C to T change, introducing a stop in codon 2 of the precore (Fig. [2](#F2){ref-type="fig"}). The 1862 G to T point mutation, which has been proposed to contribute to the anti-HBe phenotype \[[@B27]\], was found in four genotype A sequences, two of them (A5, A6) with common point mutations and the two others (A3, A9) without. Additionally, the 1888 G to A mutation was present in A6 and A9 sequences. This mutation has been proposed to increase the stability of the upper stem of the encapsidation signal at the pregenomic RNA level \[[@B28]\]. Finally, the 1899 G to A substitution (codon 29 of the precore), previously shown to enhance the pregenomic RNA transcription \[[@B29]\], was found in a single isolate (D5). As a whole, 10 sequences showed neither common point mutation nor the 1862 G to T point mutation which would explain the anti-HBe phenotype.

Discussion
==========

Variants of the HBV precore region have been described in anti-HBe, HBV DNA positive patients. The most common mutation was the G to A change at nt 1896 that creates a stop codon in the precore ORF. HBV strains showing this mutation cannot express the HBe antigen either on the cell membrane or in the circulation \[[@B1], [@B2]\].

In a report from Asia, 90% of the HBV isolates from anti-HBe positive, asymptomatic carriers and hepatitis patients showed the A1896 mutation \[[@B19]\]. Here, the mutation was observed in only 7/29 (24%) HBV isolates derived from anti-HBe positive Brazilian carriers (Table [I](#T1){ref-type="table"}). This low proportion was due in part to the fact that the majority of our isolates had a C at nt 1858, a feature known to preclude the stop codon mutation. In the literature, discrepancies in the frequency of the mutation can be observed, even taking in consideration only the isolates with T1858 for which the A1896 mutation may occur. Such discrepancies are observable not only between studies performed in different geographic regions, but also when carried out in a single country with isolates belonging to different genotypes. From a recent study \[[@B30]\], a correlation between frequency of the mutation and HBV genotype could be deduced: among isolates derived from anti-HBe positive patients and showing T at nt 1858, the mutation was present in 100%. 20%, 75%, and 100% of the isolates from genotypes B, C, D, and E, respectively. A proportion of 63% was obtained here, based on the 11 isolates showing T at nt 1858 (and belonging to genotypes D and F). In China, a country where genotypes B and C are predominant, a high prevalence (86%) of the mutation has been found \[[@B31]\]. Conversely, a study from Sweden revealed that none of six genotype D isolates showed the A1896 mutation during a follow-up of 17 months after anti-HBe seroconversion \[[@B32]\].

It has been suggested that the double substitution (AGG to TGA) at nt positions 1762-1764 in the core promoter, affecting the transcriptional regulation and protein expression of the precore gene, could explain why a precore wild-type isolate may elicit an anti-HBe phenotype \[[@B19], [@B23], [@B33]\]. Changes at positions 1762-1764 have been described to be preferentially selected in patients infected with genotypes showing C instead of T at nt 1858 \[[@B30], [@B31]\]. In China, indeed, these core promoter changes have been found in 91% of the isolates with C1858 compared to 27% of the isolates with T1858 \[[@B31]\]. However, our data demonstrated the presence of the double substitution at nt 1762-1764 in only 2/11 (18%) isolates with a C1858. Genomic characteristics other than the nucleotide present at position 1858 must therefore be involved: a notable difference between the Chinese study and ours is that Brazilian isolates with C1858 were mainly from genotype A, whereas most of the HBV strains circulating in China are from genotypes B and C. Another study, analyzing core promoter mutations in isolates with T at nt 1858 and derived from East Asian HBV carriers, showed that TGA 1762-1764 mutants were significantly more frequent in genotype C isolates than in genotype B strains \[[@B34]\]. Recently, Bläckberg and Kidd-Ljunggren \[[@B32]\] demonstrated genotypic differences in core promoter and precore sequences during seroconversion from HBeAg to anti-HBe: in samples from patients followed before and after seroconversion, it was found that 4/6 genotype A isolates showed the 1762-1764 mutation during the HBe phase. In contrast, all six genotype D isolates present in pre- and post-seroconversion samples remained wild type at positions 1896 and 1762-1764 \[[@B32]\].

An association between mutations A1896 and 1762-1764 (common point mutations) and severity of liver disease has been observed in several studies \[[@B3], [@B4], [@B29], [@B33], [@B35]\] but not in others \[[@B5], [@B6], [@B7], [@B36]\]. In our case, among seven genotype D isolates, three out of the four ones with common point mutations derived from patients with chronic liver disease, while two out of the three without common point mutations derived from asymptomatic subjects (Table [II](#T2){ref-type="table"}). However, no association between liver disease and mutation at positions 1762-1764 could be demonstrated.

Conclusions
===========

The pattern of core promoter and precore mutations of HBVs derived from anti-HBe Brazilian carriers appeared to be unique among those already described. First, a low frequency (20%) of TGA 1762-1764 was noted among the genotype A isolates. Second, a strong association between A1896 and TGA 1762-1764 mutations was observed among isolates from genotype D (p \< 0.05): all isolates analyzed showed either none or both mutations (Table [II](#T2){ref-type="table"}). Third, the common point mutations (positions 1896 and 1762-1764) were often accompanied by other mutations, notably at positions 1727, 1740, 1773, and in the hypervariable region (nt 1751-1755). Finally, only two genotype A isolates that were wild type at both positions 1896 and 1762-1764 showed other mutations which have already been associated with the anti-HBe phenotype. On the other hand, follow up of anti-HBe patients for measurement of viral load should be important to better associate the replication competence of HBV strains with anti-HBe phenotype

It has been assumed that the outcome of hepatitis B infection depends on HBV genotypes \[[@B37]\]. Recent studies have reported recombination events between different genotypes of HBV, which could contribute to geographical differences in the natural history of hepatitis B \[[@B38], [@B39]\]. Central and South America are the unique regions of the world where genotypes A, D and F co-circulate at a large scale. The presence of these three genotypes may account for specific variations of HBV isolates affecting the pattern of core promoter and precore mutations. To date, only a few HBV genomes from South America have been completely sequenced. Nucleotide sequencing of the whole genome of a large number of strains should help to explain the single behavior of South American HBV isolates in relation to precore-core mutations.

Materials and Methods
=====================

Patients and serological studies
--------------------------------

Serum samples from 29 HBV chronic carriers who were referred between 1995 and 1999 to the Brazilian Reference Center for Viral Hepatitis, Rio de Janeiro, Brazil, were used in this study. All patients were tested positive for HBsAg, anti-HBe and HBV DNA, and negative for HBeAg. Twelve patients were asymptomatic HBV carriers, eight had CAH, and nine had cirrhosis.

HBsAg, HBeAg, and anti-HBe antibodies were detected in serum samples using commercially available kits in a microELISA system (Hepanostika kits, Organon Teknika, Boxtel, The Netherlands) according to the manufacturer\'s instructions.

DNA extraction and PCR assays
-----------------------------

HBV DNA was extracted from serum using phenol-chloroform after treatment with proteinase K, as reported previously \[[@B15]\]. DNA samples were submitted to two nested PCR assays, and all PCR experiments were performed in a final volume of 50 μl under the following conditions: 94°C, 30 s; 52°C, 1 min; 72°C, 2 min; 35 cycles, followed by a final elongation of 7 min at 72°C. Sequences of the precore/ core region were amplified by nested PCR using external primers X4 (5\'-AAGGT CTTACATAAGAGGAC-3\', nt 1644-1663) and C2 (5\'-CTAACATTGAGATTCCCG AGATTGAGA-3\', nt 2458-2432), and internal primers PC1 (5\'-GGCTGTAGGCA TAAATTGGTCTG-3\', nt 1781-1803) and C3 (5\'-TTGCCTGAGTGCAGTATGGT-3\', nt 2075-2056). Core promoter region was amplified with external primers X1 (5\'-ACCTCCTTTCCATGGCTGC T-3\', nt 1363-1382) and C2, and internal primers X4 and C3. Amplification products (10 μl) were loaded on a 2% agarose gel, electrophoresed, stained with ethidium bromide, and visualized under UV light.

Nucleotide sequencing
---------------------

PCR products were directly sequenced using the Autoload Solid Phase Sequencing system (Amersham Pharmacia Biotech, Uppsala, Sweden). This required that the second round of PCR was performed with one standard and one biotinylated primer. Dideoxy sequencing reactions (both strands) were performed using a fluorescently labeled primer whose nucleotide sequence was identical to the standard primer of the second round of PCR. The sequencing reactions were analyzed on an ALFexpress automated sequencer (Amersham Pharmacia).

Computer-Assisted Sequence analysis
-----------------------------------

Nucleotide sequences were aligned using PILEUP (Wisconsin Sequences Analysis Package GCG, Madison, WI). A phylogenetic tree was generated by neighbor-joining analysis of genetic distances, using the TREECON software package for Windows \[[@B40]\].
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![Phylogenetic tree of 37 HBV isolates, constructed with the neighbor-joining method, and based on 200 nucleotides (positions 1814-2013). Capital letters A, D, and C designate the respective genotype groupings. Bootstrap values were calculated from 100 replicates and the numbers above 60 are shown. Isolates A1 to A17, D1 to D9, and F1 to F3 are from this work. Their nucleotide sequences have been deposited in the Genbank database under accession numbers AF389988 to AF390016. The other isolates are designated by their Genbank accession numbers.](1471-2180-1-10-1){#F1}

![Alignment of partial nucleotide sequences of HBV isolates derived from anti-HBe carriers. The consensus sequence (based on wild-type genotype A strains) is indicated at the top. Dots represent the same nucleotides as in the consensus sequence. Letters at the left represent the genotypes of the strains. The AT-rich region (nt 1789-1795) and the direct repeat DR1 (nt 1824-1834) are underlined. The two common point mutations, i.e. the double substitution in the core promoter (nt 1762-1764) and the precore stop codon mutation (nt 1896), are indicated by arrows. The other substitutions constitute the uncommon point mutations. The initiation codons for precore and core proteins are also shown. HVR: Hypervariable region (nt 1751-1755).](1471-2180-1-10-2){#F2}

###### 

Occurrence of the precore stop codon mutation in HBV isolates.

                      Number of patients            
  ------- ----- ----- -------------------- --- ---- ----
  A       C:G   No    6                    4   7    17
  D       T:G   No    0                    1   3    4
          T:A   Yes   2                    2   1    5
  F       C:G   No    0                    0   1    1
          T:A   Yes   1                    1   0    2
  Total               9                    8   12   29

###### 

Demographic and clinical data of the anti-HBe positive patients.

                                    Nucleotides at positions   No. of substitutions^a^                  
  --- ----- ------ ---------------- -------------------------- ------------------------- ---------- --- ----
  A   A1    55/M   Cirrhosis        AGG                        C                         G          0   0
      A2    41/F   Cirrhosis        AGG                        C                         G          0   0
      A3    45/M   Cirrhosis, HCC   AGG                        C                         G          0   1
      A4    40/F   Cirrhosis        AGG                        C                         G          0   0
      A5    10/F   Asymptomatic     TGA (mutant)               C                         G          1   6
      A6    52/M   CAH              TGA (mutant)               C                         G          1   8
      A7    38/M   CAH              AGG                        C                         G          0   2
      A8    54/M   Cirrhosis        AGG                        C                         G          0   0
      A9    52/M   CAH              AGG                        C                         G          0   4
      A10   39/M   Asymptomatic     AGG                        C                         G          0   0
  D   D1    36/M   CAH              AGG                        T                         G          0   2
      D2    54/F   Asymptomatic     TGA (mutant)               T                         A (stop)   2   7
      D3    56/F   CAH              TGA (mutant)               T                         A (stop)   2   13
      D4    35/M   Cirrhosis        TGA (mutant)               T                         A (stop)   2   5
      D5    55/M   CAH              TGA (mutant)               T                         A (stop)   2   8
      D6    47/M   Asymptomatic     AGG                        T                         G          0   6
      D7    53/M   Asymptomatic     AGG                        T                         G          0   6
  F   F1    10/M   Asymptomatic     AGG                        C                         G          0   7
      F2    35/M   CAH              AGG                        T                         A (stop)   1   8

^a^Number of common (CPMs) and uncommon (UPMs) point mutations (see text) in a 200-bp genome segment, from nt 1720 to nt 1919
